We carried out a meta-analysis of six field studies that assessed the effects of supplementary feeding on infants' performance on mental and motor development scalesconducted in nutritionally at-risk populations in Colombia, Guatemala, Indonesia, Jamaica, Taiwan, and the United States-which showed that early high energy and protein supplementary feeding has a beneficial effect on motor development in young infants (8-15 months old) and on both motor and mental development in older infants (1824 months old) who are nutritionally at risk. These findings provide justification for food assistance programmes targeted to young at-risk children. However, positive findings in field studies do not guarantee that similar results will be achieved by large-scale programmes, as complex bureaucracies and inadequate infrastructure are often obstacles to success. Early supplementary feeding, child development, and health policy
Introduction
National health policies often include the provision of food to nutritionally at-risk populations [1, 2] . For example, in the United States the Supplemental Food Program for Women, Infants, and Children (WIC), authorized by a 1972 amendment (Public Law 92-433) to the Child Nutrition Act of 1966, has the objective of preventing health problems and improving the health status of the recipients The 1972 amendment mandates cash grants to state health departments and local health clinics for providing specified food supplements to pregnant and lactating women, and to children from birth to the age of four years.
Although skeptics may not agree [3] , WIC is considered a successful, cost-effective programme with increasing coverage of those eligible [4] . There is persuasive information on the dietary benefits of WIC to pregnant and lactating women, and on weight gain during and after pregnancy [4, 5] . Conclusive evidence has yet to be obtained on its effects on postnatal growth and development in children [4] .
Evaluations of WIC and of experimental studies on supplementary feeding have focused on the impact on specific or aggregate measures of mental development [57] . Because of methodological weaknesses, these evaluations have been, at best, controversial [3, 8] . A review of four experimental studies on the effects of early supplementary feeding on the development of infants and young children concluded that three of these studies showed mild, albeit statistically significant, benefits, particularly in the motor domain [9] . Recently, the results of one of these four studies have been re-analysed and data from two additional experimental studies have been published [10] [11] [12] , strengthening the data base and allowing for more definitive conclusions.
We included the results of these six studies in a metaanalysis to test for the effects of supplementary feeding, primarily protein and calories, during pregnancy and the first two years of postnatal life on performance on the motor and mental components of developmental scales.
Methods

Selection of studies
Four criteria were used to select the studies for inclusion in the meta-analysis: subjects 24 months old or younger, random assignment to a treatment (i.e., supplementary feeding) or a control group of subjects or populations, experimental treatment restricted to the administration of a nutritional supplement, and published data allowing between-group statistical comparisons. Six studies met these criteria. They were carried out in Bogota, Colombia [13] ; eastern Guatemala [10] ; West Java, Indonesia [11] ; Kingston, Jamaica [12] ; Sui Lin, Taiwan [14] ; and the Harlem district of New York City, USA [15] . 
2 treatment groups Randomly assigned individuals N=198 Bayley scales at 8 months
New York City, USA [15] 3 treatment groups Randomly assigned individuals N= 600 Bayley scales at 12 months Multiple regression (age, sex)
These numbers do not represent the total number of subjects in the original study but are restricted to those included in the analyses done here. See reference for complete documentation.
The studies in Colombia, Jamaica, and New York also included groups that combined educational and nutritional interventions (i.e., educational stimulation). Those groups were excluded from the present analysis.
Sample selection
The children in Colombia, Jamaica, Taiwan, and New York were selected by age and dietary or anthropometric criteria (table 2). The only criterion used in Guatemala and Indonesia was age; however, pregnant women also participated in the feeding programme. 
Poor families < 6 months pregnant 50% of children under 5 years old malnourished Mother's daily intake: 1,600 kcal, 36 g protein
rural Spanish-speaking villages
Mother's daily intake: 1,400 kcal, 45 g protein Children < 7 years old, pregnant and lactating women -
Day-care centres on 6 tea plantations Children 6-20 months old
Poor families Children 9-24 months old with lengths below -2 SD of NCHS reference
Poor women 19-30 years old Third trimester pregnant1 normal male child Good maternal health Mother's daily intake: 1,200 kcal, <40 g protein
Poor black women < 30 weeks pregnant At risk for low-birth-weight infant Mother's daily intake: 2,065 kcal, 79 g protein
In Colombia, Guatemala, Indonesia, Taiwan, and New York, nutritional risk was defined by a low protein and energy intake, whereas in Jamaica the criterion for inclusion was anthropometry (< 2 SD below the reference norm from the US National Center for Health Statistics).
For the purposes of the present analyses, the subjects in the six studies were classified into two groups according to age: infants and children 8-15 months old, and children 18-24 months old. The age of the subjects in Indonesia ranged from 6 to 20 months, with the mean ages of the experimental and control subjects being 12 and 13 months respectively [11] . As the mean age for all subjects (12 months) fell within the range of 8-15 months, the subjects in the Indonesia study were included in the younger group.
The meta-analysis for the younger group covered all six studies, while that for the older group was restricted to the studies in Colombia, Guatemala, and Jamaica.
Experimental intervention
The goal of the supplementary feeding in all the studies except that in Indonesia was to fill the subjects' energy and protein gap; however, the nutrient composition and volume of the supplements varied among the studies (table 3) . The supplement in Indonesia was primarily characterized by its high energy (approximately 400 kcal per day) and low protein content. The role of micro-nutrients was not assessed in any of the studies; however, the experimental and control groups in Guatemala, Taiwan, and New York received equivalent amounts of vitamins and minerals per unit of volume. The supplement was restricted to mothers in two of the studies: in New York it was administered only during pregnancy, and in Taiwan it was administered during pregnancy and lactation. Supplements were also provided to mothers during pregnancy and lactation in Colombia and Guatemala, but infants and young children also received them. In Indonesia and Jamaica the treatment was restricted to infants.
Developmental variables
The Bayley scales of mental and motor development were used in Indonesia, Taiwan, and New York. Two studies (Colombia and Jamaica) used the Griffiths scale. A new scale was constructed for the specific purposes of the Guatemala study, based on the Bayley and Gesell scales; psychometric data on this custom-tailored scale are published elsewhere [16] .
Data analysis
The Rosenthal approach [17] was used to determine whether the studies included in the two age groups analysed tested a similar hypothesis. A test for homogeneity of effect sizes followed the same approach.
Data were analysed using weighted methods because of the wide range in the size of the samples. Results on the developmental outcomes from the different studies were combined according to the method proposed by Mosteller and Bush [18] . Effect sizes were calculated according to the procedures of Hedges [19] , which weigh each study by the number of subjects.
The partial correlation coefficient between the intervention and each test was derived from the corresponding effect-size value and was used as a measure of the success rate as proposed by Rosenthal [17] .
Results
The hypothesis of homogeneity cannot be rejected for either age group regarding the mental and motor tests (table 4) . Accordingly, the studies were pooled to test the hypothesis that the early supplementary feeding of energy and protein had beneficial effects on performance on the developmental scales. For the children 8-15 months old, four of the six studies showed beneficial effects of the supplementary feeding on motor development; none showed effects on mental development (table 5) . For the children 18-24 months old, all three studies found significant effects of the supplement on motor development; one showed effects on mental development (table 6) . With account taken of the different numbers of subjects in each study, the supplementary feeding had a significant effect on motor development scale in both age groups. Similar statistics on mental development data showed that the effect was restricted to the children 18-24 months old.
The partial correlation coefficients derived from the combined effect-size values indicate that the supplementary feeding improved motor and mental tests by 9% and 2% respectively at 8-15 months. At 1824 months the increases were 19% and 9% respectively.
Selection bias
The possibility of bias resulting from a selective review of studies (the "file-drawer problem") was also considered in the analysis. We assumed that the results might have resulted from a failure of investigators to report studies showing a lack of effects, or a failure of journals to publish such findings [20] . The magnitude of such a bias was estimated by calculating the number of unpublished, not statistically significant studies that would be necessary to bring the overall probability value to greater than .05. Twenty-six null-result studies would be necessary to dilute the finding for the motor test at 8-15 months, 2 for the mental test at 18-24 months, and 16 for the motor test at 18-24 months.
Discussion
The results of the meta-analysis agree in part with the hypothesis that drove the analysis. Among nutritionally at-risk populations, protein and calorie supplementation's during pregnancy and during the first two years of postnatal life provide salutary effects on the motor development of children up to 24 months of age. On the other hand, there is no evidence that early supplementary feeding affects the mental development of children up to the age of 15 months. It does have an effect on mental development among children 18-24 months old.
The scientific merit of the meta-analysis is evident in the assessment of the effects on the mental development scores at 18-24 months. Although only one of the three studies found statistically significant differences between the supplemented and non-supplemented groups, all three found arithmetic differences between the groups in the direction of the proposed hypothesis. This trend became statistically meaningful by pooling the studies, substantiating the inference of a treatment effect on mental development among children 18-24 months old.
We therefore conclude that providing high energy and protein supplementary foods to nutritionally at-risk infants and children up to 24 months of age prevents, in part, developmental delays.
The effects derived from prenatal supplementation are likely to result from the transport of nutrients from the mother to the foetus. This concurs with the finding that protein and calorie supplementation during pregnancy among nutritionally at-risk women results in increased birth weight of the offspring [4] . The pathways for the effect of postnatal supplementation are less clear. In reference to the mother, the supplementary food is expected to result in changes in the composition and volume of breast milk. However, data that are available from other studies on this issue show that supplementary feeding to the mother does not affect volume; only suggestive evidence exists that caloric supplementation affects milk composition [21] . An alternative explanation is that nutritional supplements to the mother during pregnancy and lactation have the potential of improving health conditions that will foster her investment in the unborn or born child [4, 22] .
The one study that showed no effects on performance on the development scale was carried out in New York [4] . This study, in fact, is also the only one that failed to find an effect on birth weight. Reviewers of the experiment pointed out that the women who received the supplement were not nutritionally at risk, and therefore the absence of benefits on development is not surprising [23] . These findings, when compared with those from the other interventions, suggest that the benefits of early supplementary feeding on development are restricted to populations that are nutritionally at risk.
The benefits observed in performance on the mental development scales in the older group of subjects (15-24 months old) should not be interpreted to mean that the nutrition intervention prevents deficits in later intelligence.
The presence of developmental effects of supplements in the field intervention studies does not guarantee that such effects will be also observed in large-scale food assistance programmes, even if the programmes use supplements and are targeted to populations similar to those of the successful field studies. Tightly controlled experiments are not the same as large-scale programmes, whose effectiveness depends on large bureaucracies and administrative infrastructures that are not very efficient. This is particularly the case in developing countries because of budgetary limitations.
One potential adverse effect of supplementary feeding of young infants is that it can interfere with breastfeeding. Evidence shows that the introduction of other sources of calories results in a reduced intake of breast milk [24] . This substitution is likely to result in a reduction of the immunological benefits from the mother's milk.
It will not be surprising if the findings from this meta-analysis are used to justify food-distribution programmes concerned with young children. However, as we have argued elsewhere [25] , evaluation of the merits of these programmes must be placed within the context of national social policies, particularly in developing countries. Food assistance will not compensate for the inefficiency of an educational or a health system, and their existence alone does not define a government's concern for the development of human potential.
